Objectives: To assess the effect of transcervical endometrial resection on clinical symptoms related to histopathological findings of the junctional zone. Study design: This prospective study took place at a university hospital. Premenopausal women suffering from abnormal uterine bleeding and/or pelvic pain and scheduled for transcervical endometrial resection were enrolled (n = 112). Histopathological findings of the endomyometrial biopsies were categorized as follows: Adenomyosis of the inner myometrium (intrinsic adenomyosis): 2 mm myometrial invasion without contact to the basal endometrium, serrated junctional zone: > 3 mm myometrial invasion with contact to the basal endometrium and linear junctional zone: No or marginal myometrial invasion ( 3 mm) with contact to the basal endometrium. All study participants received a baseline and two followup questionnaires (6 and 18 months after surgery) regarding symptom severity, health-related quality of life and pelvic pain. Data regarding reintervention surgery was obtained from the National Database Patoweb. The rate of reintervention surgery and the improvement in symptom severity, health-related quality of life and pelvic pain were correlated to histopathological findings. Results: Twenty-four patients had intrinsic adenomyosis, 31 had serrated junctional zone and 57 had linear junctional zone. Fifteen patients (13%) underwent reintervention surgery; three (20%) within 6 months, nine (60%) between 6-18 months and three (20%) > 18 months after transcervical endometrial resection. Reintervention surgery was more common in women with intrinsic adenomyosis compared to women without (33% (95% CI: 16-55) vs 8% (95% CI: 3-16)) (p-value: < .05). Nine patients (38%) with intrinsic adenomyosis were asymptomatic based on low symptom severity score, high health-related quality of life and no pelvic pain at 18 months follow-up. Patients with linear junctional zone had a higher improvement in symptom severity and health-related quality of life than patients with intrinsic adenomyosis or serrated junctional zone at 6 months follow-up after surgery (p-value < .05). However, there was no significant difference in pelvic pain reduction. Conclusion: The effect of transcervical endometrial resection may depend upon the degree of junctional zone changes, and patients with intrinsic adenomyosis are more likely to undergo reintervention surgery than patients with either linear or serrated junctional zone. However, intrinsic adenomyosis may also be successfully treated with endometrial resection.
Introduction
Abnormal uterine bleeding can severely affect quality of life [1, 2] and is a leading reason for outpatient contacts [3] . Adenomyosis is a common cause of abnormal uterine bleeding [4] and is known as a heterogeneous disease of the junctional zone (JZ) with ectopic endometrium infiltrating varying degrees of the myometrium. A hysterectomy may be the last resort to treat adenomyosis, but attempts with hormonal and minimally invasive treatment such as transcervical endometrial resection (TCRE) are often preferred [5] [6] [7] [8] . Adenomyosis is often found in patients who have a hysterectomy following treatment failure of TCRE [9] [10] [11] [12] [13] [14] [15] . However, of all studies assessing the effect of TCRE none have a preoperative diagnosis of adenomyosis verified by histopathology [9] [10] [11] [12] [13] [14] [15] . Thus, it is not clear whether adenomyosis is induced by TCRE or whether it is the cause of treatment failure. The number of patients with adenomyosis and a good response to the procedure is unknown due to the lack of a preoperative diagnosis of adenomyosis. The degree of JZ changes before TCRE in relation to symptom relief is of particular interest [14] . It is likely that symptoms may persist after TCRE depending on the degree of JZ changes. We hypothesized that women with more extensive down growth of the endometrium may have no or less symptom relief after TCRE compared with women with no or minimal down growth of the endometrium. Therefore, the aim of this study was to investigate the association between outcome of TCRE (symptom severity, health-related quality of life, pelvic pain and reintervention rate) and histopathological findings of the JZ.
Materials and methods

Study population
This prospective study was approved by The Central Denmark Region Committee of Health Research Ethics, journal number: 20010175 and The Danish Data Protection Agency, journal number: 2007-58-0010. Written informed consent was obtained from all study participants before study entry. From October 2011 to January 2015, a consecutive sample of premenopausal women undergoing TCRE due to benign abnormal uterine bleeding and/or pelvic pain was recruited at the Department of Gynecology and Obstetrics, Aarhus University Hospital, Denmark. The exclusion criteria were non-elective surgery, malignancy, mental illness, coagulopathy, lack of Danish language skills or presence of five or more leiomyomas / uterine volume > 300 ml due to leiomyomas. Women were only able to participate once in the study project, thus repeat TCRE were excluded (Fig. 1) .
Questionnaire
Right before surgery, all study participants were asked to fill out a comprehensive questionnaire to obtain information on baseline characteristics, symptom severity, health-related quality of life (HR-QoL) and pelvic pain. The questionnaire was in Danish and consisted of the validated fibroid symptom and quality of life questionnaire (UFS-QOL) [16] [17] [18] including eight questions related to symptom severity (menstrual bleeding characteristics, pelvic and urinary discomfort, and fatigue) and 29 questions related to HR-QoL (concern, activities, energy/mood, control, selfconsciousness, and sexual function). Each question was scored on a scale between 1 and 5. A total score was calculated and Fig. 1 . Flowchart. 1 No adenomyosis of the inner myometrium and no reintervention surgery 2 Five with a histopathological diagnosis of adenomyosis of the inner myometrium and no reinterventions surgery. Two with serrated junctional zone had reintervention surgery ("no adenomyosis" verified by hysterectomy) Patients with at least one follow-up questionnaire (6 or 18 months) were kept for the questionnaire analyses. Reintervention surgery was recorded for all patients who completed baseline questionnaire (n = 126).
transformed into a symptom severity score (SSS) from 0 to 100 (higher score = more symptoms) and an HR-QoL score ranging from 0 to 100 (higher score = better HR-QoL). The UFS-QoL has been used for patients with adenomyosis before [19] [20] [21] [22] . Pelvic pain was assessed using the visual analogue scale for pain (VAS pain) [23] , which consists of a 100-mm line with the endpoints "no pain" and "worst pain". Study participants were asked to mark the point along the line that expressed their average pain intensity. Identical questionnaires for follow-up were sent by email or post 6 and 18 months after surgery. The changes between baseline and follow-up scores (at 6 and 18 months) were calculated for SSS, HR-QoL, and VAS pain intensity. Women with an SSS < 20, an overall HR-QoL > 80, and no pelvic pain at 18 months follow-up were considered asymptomatic.
In addition to the questionnaires, the rate of reintervention surgery was recorded on January 2018 from the national database Patoweb. This is a database where all surgical pathology tests are registered.
Histopathology
The procedure for obtaining deep endomyometrial biopsies during TCRE was standardized and applied in the same manner to all study participants. The surgical procedure took place in an outpatient setting with patients in local or brief general anesthesia. TCRE was performed with standardized electro current settings to avoid changes by electrocoagulation. The surgeon used a Storz resectoscope (26 F 12 oblique optic) (Karl Storz, Holte, Denmark) with a large monopolar cutting loop. To ensure that the resection could penetrate deep into the myometrium, careful suction curettage was performed immediately before resection, if the endometrium was not in the early proliferative phase. Furthermore, a firm pressure was applied to the resectoscope. Parallel slices representing the entire endometrium were obtained. Each biopsy was removed separately after each pass of the resectoscope, stretched and immediately fastened to a surface with the endometrium pointing downwards to avoid twisting. A needle was placed at the end, representing the beginning of the biopsy and the upper part of the uterus. Each biopsy was numbered according to its origin and then fixed in formalin prior to histopathological analysis.
The endometrial-myometrial JZ was defined by histopathology of endomyometrial biopsies from TCRE and defined as: Adenomyosis of the inner myometrium, 2 mm myometrial invasion without contact to the basal endometrium, serrated JZ, > 3 mm myometrial invasion with contact to the basal endometrium, and linear JZ (no or marginal myometrial invasion 3 mm with contact to the basal endometrium) (Fig. 2) .
For an accurate evaluation of the JZ, this method required thick endomyometrial biopsies with a depth of 5 mm into the myometrium. The histopathological evaluation took place within 1 to 3 weeks after surgery. The pathologist documented the findings in a standardized form designed for this study. Histopathology was inconclusive if the biopsies were either twisted or did not contain myometrium of sufficient depth (< 5 mm). Inconclusive histopathology samples were excluded from the study.
All statistical analyses were made using STATA 13.1. The sample size calculation was based on the assumption of at least 30% reintervention among patients with adenomyosis of the inner myometrium and 5% reintervention among patients with normal JZ (linear JZ), with standard errors of 5%. The estimated required sample size was then at least n = 72. The three groups according to histopathology of the JZ (adenomyosis of the inner myometrium, serrated JZ or linear JZ) were compared using the Kruskal-Wallis one-way analysis of variance for data that were not normally distributed and one-way ANOVA for data that were normally distributed. In addition, we used the Wilcoxon signed-rank test (not normally distributed data) and student's t-test (normally distributed data) to compare patients with either adenomyosis of the inner myometrium or serrated JZ to patients with linear JZ. Pvalues of < .05 were considered statistically significant. Patients who had reintervention surgery within the follow-up period (6 or 18 months) were excluded from the respective analyses. Missing items from the questionnaires were handled as follows: if < 50% of the scale items were missing, the scale would be retained, with the mean scale score of the items present used to impute a score for the missing items (subscale analysis). If 50% of the items were missing, no scale score was calculated, and the subscale score was considered missing [16] .
Results
In total, 112 patients filled out the baseline questionnaire. At 6 and 18 months, follow-up questionnaires were completed by 96.4% and 94,6% of the patients, respectively. Among patients who did not respond to the questionnaire, only two underwent reintervention surgery. Baseline characteristics are shown in Table 1 . The presence of intrauterine device (IUD) did not affect the histopathological results. Based on histopathology twentyfour patients (21%) had adenomyosis of the inner myometrium, 31 (28%) had serrated JZ and 57 patients (51%) had linear JZ. There was no patients with a histopathological diagnosis of adenomyomas.
Reintervention surgery reported in the follow-up questionnaires is shown in Table 2 . In total, twelve patients (80%) underwent reintervention surgery within 18 months after TCRE and an additional three patients (20%) underwent reintervention surgery after the 18-month follow-up period and before January 2018. Reintervention surgery was performed in 33% (95% CI: 16-55) patients with adenomyosis of the inner myometrium compared to 13% (95% CI: 4-30) and 5% (95% CI: 1-15) with serrated or linear JZ respectively (p-value < .05). Indications for reintervention surgery were either heavy menstrual bleeding and/ or pelvic pain. All patients who had a reintervention surgery had a hysterectomy, but three (20%) had undergone repeated TCRE before hysterectomy. Adenomyosis of the inner myometrium was verified by histopathological examination of hysterectomy specimens in all but one woman. This woman had repeat TCRE prior to hysterectomy, thus it is likely that adenomyosis was removed before hysterectomy.
SSS and HR-QoL results at baseline, at 6 months follow-up (median (75% PI), 7.0 months (6-9)), 18 months follow-up (median (75% PI) and 18.4 months (18) (19) (20) ) after TCRE are shown in Table 3 . In addition, Fig. 3 illustrates the HR-QoL at baseline, 6 and 18 months follow-up. There was no statistically significant difference in the baseline SSS and HR-QoL between patients with adenomyosis of the inner myometrium, serrated JZ or linear JZ. When patients with concomitant pelvic pathology (intramural leiomyomas > 3 cm in diameter or type 0-3 leiomyomas, endometriosis and uterine polyps) were excluded from analyses, there was still no statistically significant difference between the groups (S1).
There was a statically significant difference in mean improvement of SSS and HR-QoL following TCRE between patients with either adenomyosis of the inner myometrium or serrated JZ and linear JZ at 6 months follow-up, with the most pronounced improvement among patients with linear JZ. At 18 months, when patients undergoing reintervention surgery were removed from analyses, there was no longer a statistically significant difference between the groups.
Presence and intensity of pelvic pain at baseline, and 6 and 18 months after TCRE is shown in Table 4 . There were no statistically significant differences in the distribution of patients with pain or the pain intensity between the groups at baseline. Excluding patients with concomitant pelvic pathology did not change the results significantly (S2). At 18 months follow-up, when patients with reintervention surgery were excluded, the number of patients with pelvic pain was considerably reduced and there was no significant difference in pain reduction according to histopathological findings.
In total, 31 patients had IUD's inserted after TCRE (six with adenomyosis of the inner myometrium, eight with serrated JZ and 17 with linear JZ). There was no statistically significant difference in SSS, HR-QoL and pelvic pain between the groups who had an IUD or between those with and without IUD at 18 months follow-up. Finally, at 18 months follow-up, nine patients with adenomyosis of the inner myometrium had no pelvic pain, a symptom severity score < 20 and an HR-QoL > 80 and were therefore considered asymptomatic.
Comment
Surgical reintervention after TCRE was required among 12% of the study participants, and more commonly among patients who had adenomyosis of the inner myometrium before initial TCRE than those who did not (p-value < .05). However, TCRE completely resolved symptoms in 1/3 of all the patients with adenomyosis of the inner myometrium. A serrated JZ was rarely associated with treatment failure, although it was associated with less symptom improvement after surgery compared to linear JZ. However, the majority of all patients including those with adenomyosis of the inner myometrium and serrated JZ who did not require reintervention surgery experienced a considerable improvement in SSS and HR-QoL as well as a reduction in pelvic pain.
Previous studies have shown that TCRE is an effective treatment for abnormal uterine bleeding, particularly for heavy menstrual bleeding [6, 7] , but 20% of patients might require surgical reintervention [24] . This may be due to the presence of adenomyosis [9] [10] [11] [12] [13] [14] [15] . However, to the best of our knowledge, no previous studies have evaluated the effect of TCRE according to a histopathologically proven preoperative diagnosis of adenomyosis of the inner myometrium. Moreover, outcome in relation to serrated JZ and linear JZ has not been reported. Our results suggest that TCRE does not cause adenomyosis of the inner There were no statistically significant differences (p-value <.05) between the groups (adenomyosis of the inner myometrium, serrated JZ and linear JZ) in baseline characteristics, except for mean number of pregnancies. 1 One missing. 2 16 had resection of polyps, one had fibroid resection and one had myomectomy. 3 Three months or more prior to operation. 4 Five missing.
myometrium but in fact, it seems to be an acceptable treatment option for some patients with adenomyosis of the inner myometrium and for most patients with serrated JZ or linear JZ. The cutting loop was able to penetrate at least 5 mm into the myometrium and destroy additional 1-2 mm of the myometrium due to electro-currency [14] , thus we may assume that TCRE is an effective treatment option in patients with 0-7 mm endometrial penetration. No subscale score was considered missing. 1 6 months follow-up questionnaire missing in four patients (these patients did not have surgical reintervention), three patients excluded due to reintervention surgery within the follow-up period. 2 18 months follow-up questionnaire missing in six patients (one of the patients had reintervention), ten patients exclude due to reintervention surgery within the follow-up period.
No statistically significant difference in baseline SSS and HR-QoL between the groups (p-value > 0.05). *Statistically significant difference in 6 months follow-up SSS and HR-QoL between patients with either serrated junctional zone or adenomyosis of the inner myometrium and linear junctional zone (p-value .05). #1-3 had surgical reintervention < 6 months after TCRE, #4-12 had surgical reintervention 6-18 months after TCRE and #13-15 had surgical reintervention > 18 months after TCRE (before January 2018). Follow-up questionnaire missing in #11 and #12. * All three patients had subsequently hysterectomy due to persisting symptoms. Presence or absence of adenomyosis of the inner myometrium was verified in all hysterectomy specimens except for patient #2. This patient had one foci of adenomyosis of the inner myometrium, and it is likely that this foci may have been removed by repeat TCRE prior to hysterectomy. α Reported use at 6 months follow-up, including paracetamol, aspirin, non-steroidal anti-inflammatory drugs. 1 Concomitant uterine polyps. 2 Concomitant leiomyomas.
The presence of concomitant pelvic pathology did not affect our results as demonstrated in the supplementary tables (S1 + S2). This may be explained by the selection of patients without large or multiple leiomyomas. In patients with both adenomyosis and small leiomyomas, adenomyosis may be the main contributor to the clinical symptoms [25] . Furthermore, there was no difference in baseline symptoms between patients with either adenomyosis of the inner myometrium or serrated JZ and linear JZ. Again, this may be explained by the selection of only premenopausal women scheduled for surgery; anovulatory bleeding may also contribute to heavy menstrual bleeding [26] no matter the presence of adenomyosis of the inner myometrium. We were surprised not to find any difference in baseline pelvic pain between the groups. We expected that especially patients with adenomyosis of the inner myometrium and serrated JZ would have more menstrual pain because JZ changes may contribute to dysperistalsis or hyperperistalsis [27] .
There are some limitations to this study. The study population was small and we did not perform a systematic preoperative imaging to determine the JZ appearance prior to surgery. A recent study suggests that preoperative two-and three-dimensional transvaginal ultrasound may differentiate between adenomyosis of the inner myometrium, serrated JZ and linear JZ [28] . Unfortunately, there is still no consistent definition of how deep the endometrial penetration must be to be diagnosed as adenomyosis of the inner myometrium. Based on previously published textbooks, we chose a definition of > 2 mm with or without surrounding smooth muscle hyperplasia/hypertrophia [29, 30] . To determine the effect of TCRE, we assessed several subjective parameters (questionnaire) but only one objective parameter (surgical reintervention). Additional objective parameters such as the amount of menstrual blood loss may have been assessed as well. Finally, the number of patients with IUDs was very limited which may explain why we did not find a difference in symptom improvement between patients with and without IUDs.
A major strength of the study is the prospective study design of consecutively enrolled study participants undergoing the same standardized procedure for obtaining deep endomyometrial biopsies. This unique method allowed for a detailed histopathological evaluation of the entire JZ circumference. We focused not only on adenomyosis of the inner myometrium but also included serrated JZ as we hypothesized that this finding may also be associated with inferior outcome. Patients had a long-term follow-up and the response rate was high. Furthermore, we were able to gain access to information from Patoweb regarding surgical reintervention, even for the patients who did not complete the questionnaire.
For successful management of women suffering from chronic abnormal uterine bleeding with or without pelvic pain, it is important to consider a preoperative diagnosis of adenomyosis, as this may negatively affect the outcome of TCRE. Nevertheless, in the present study, most women with adenomyosis of the inner myometrium experienced improved clinical symptoms after TCRE. Thus, it seems possible to treat adenomyosis of the inner myometrium with a minimally invasive approach. Future studies should include a large population of women with a preoperative transvaginal ultrasound measure of endometrial penetration before undergoing TCRE. Ultrasound-guided resection [31] and routine IUD insertion after resection may further improve the outcome after endometrial ablation [32, 33] .
Women with intrinsic adenomyosis are more likely to undergo reintervention surgery after transcervical endometrial resection due to persisting pelvic pain or heavy menstrual bleeding. On the other hand, approximately 1/3 of women with intrinsic adenomyosis may be asymptomatic 18 months after surgery. Overall, women with serrated and linear JZ responded well to TCRE though the highest improvement in symptoms, HR-QoL and pelvic pain was observed among women with linear JZ. Fig. 3 . Health-related quality of life on a scale from 0 to 100 at baseline, 6 and 18 months follow-up. Table 4 Pelvic pain at baseline and follow-up after transcervical resection of the endometrium. 1 6 months follow-up questionnaire missing in four patients (these patients did not have reintervention surgery), three patients excluded due to reintervention surgery within the follow-up period. 2 18 months follow-up questionnaire missing in six patients (one of the patients had reintervention), ten patients exclude due to reintervention surgery within the follow-up period.
There was no statistically significant difference in baseline or follow-up pelvic pain and VAS intensity between groups (p-value > 0.05).
Before surgery more than 50% in each of the three groups used analgesic drugs; this was reduced to less than 20% at 18 months follow-up.
